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ule that is input into the FROG controller through a data 
storage unit or Wireless input. 
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FIG. 11 
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IRRIGATION CONTROLLER AND SYSTEM 
INTEGRATING NO-WATERING 

RESTRICTIONS AND AN 
EMPIRICALLY-DERIVED 

EVAPOTRANSPIRATION LOCAL 
C HARAC TERISTIC CURVE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This Continuation-in-Part Application claims the 
bene?t of co-pending US. patent application Ser. No. 12/553, 
105, ?led on Sep. 3, 2009 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to an irriga 
tion control system, and more particularly, to a controller 
(add-on or standalone) con?gurable using an empirically 
derived evapotranspiration local characteristic curve and 
local mandatory and voluntary no-Watering restrictions. 

BACKGROUND INFORMATION 

[0003] Irrigation controllers are commonly knoWn in the 
prior art. They are electromechanical devices that control 
Water delivery to a plurality of Zones through the programmed 
opening and closing of Water control valves, such as solenoid 
valves. For example, a residential landscape may be divided 
into eight separate Watering Zones. Some of the Zones encom 
pass turf requiring relatively more Water delivered through 
sprayers. Some of the Zones encompass bushes and trees 
requiring relatively less Water delivered through bubblers and 
drip emitters. HomeoWners or landscapers program the irri 
gation controller to deliver different amounts of Water to these 
different Zones by varying the amount of time the Water 
control valves remain open in the course of a given irrigation 
cycle. For example, the valve covering Zone 1, a turf Zone, 
may be programmed to be open ?ve days per Week (“Watering 
days”), three times per day at speci?c times of the day (“start 
time”) for ten minutes (“run-time duration”); the valve cov 
ering Zone 2, a bush and tree Zone, may be programmed to be 
open only three days per Week, three times per day immedi 
ately folloWing the cycles of Zone 1, but With run-time dura 
tions of only ?ve minutes; and so on and so forth. 
[0004] A limitation of such existing irrigation controllers is 
that they must be manually reprogrammed to respond to 
seasonal changes, as Well as to Watering restrictions man 
dated by local Water authorities (“mandated Watering restric 
tions”). Ten minutes of Water, three times per day may be 
appropriate for a turf Zone in summer, but excessive for Win 
ter. Moreover, in summer, the irrigation controller may be 
programmed to Water on any day of the Week, but in Winter, 
mandated Watering restrictions may limit “alloWed Watering 
days” to just one day per Week, With six days a Week man 
dated as “mandated no Watering days.” To effect the changes 
needed to adjust for the seasons and mandated Watering 
restrictions, homeoWners and landscapers must manually 
reprogram the controller. 
[0005] Because the foregoing changes are feW in numberi 
typically four times per year corresponding to the four sea 
sonsiand because conventional irrigation controllers are 
relatively easy to reprogram, implementing the required sea 
sonal changes and mandated Watering restrictions should be 
an acceptable burden. HoWever, even if homeoWners and 
landscapers faithfully reprogram their irrigation controllers 
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these four times per year, this Would still result in a substantial 
amount of Water Waste. Moreover, local Water authorities ?nd 
that their Water conservation programs are far less effective 
than they should be due to the failure of homeoWners and 
landscapers to comply With mandated Watering restrictions, 
because even the feW and simple steps needed to comply With 
them are too dif?cult for many homeoWners and landscapers, 
or they simply do not implement them. 

[0006] The Water Waste inherent in four-times-per-year 
reprogramming of conventional irrigation controllers is 
caused by the fact that the Water demand of plants changes far 
more frequently than just four times per year. The Water 
demand of plants is dictated by the rate at Which plants lose 
moisture to evaporation, and the rate at Which they are 
capable of replacing it (“evapotranspiration”). Evapotranspi 
ration is in?uenced by many factors, including temperature, 
humidity, soil moisture, soil type, sun exposure, Wind, type/ 
amount of mulch, and, of course, plant type. 
[0007] Some factors, such as plant type and sun exposure, 
are taken into account through the regular programming of a 
conventional irrigation controller. For example, a homeoWner 
knoWs he has trees and shrubs, not turf, in Zone 2 of his yard, 
and that this portion of the yard is shaded from the sun. He 
takes this into account by Watering Zone 2 With bubblers and 
drip emitters, rather than the sprayers used on turf Zones. He 
also takes it into account by programming his conventional 
irrigation controller With start times and run-time durations 
that make sense for this plant type and for shade conditions 
(as Well as soil type and other factors). 
[0008] HoWever, the homeoWner cannot take evapotranspi 
ration factors into account in this Way. For example, tempera 
ture, humidity and Wind ?uctuate constantly, changing the 
Water demand of plants constantlyiand far more often than 
four times per year. Reprogramming an irrigation controller 
four times per year takes into account a range of these ?uc 
tuations. For example, in summer, temperatures in the Las 
Vegas Valley typically range betWeen 80° F. and 1150 E, 
versus Winter When they may range betWeen 35° F. and 65° F. 
The fact is, hoWever, that these ranges are very broad. For 
example, an irrigation controller programmed to deliver 
Water in accordance With the average anticipated temperature 
in the middle of the range may result in plant loss during hot, 
dry spells in midsummer, yet may deliver more Water than is 
necessary at the beginning and end of the summer season. 
Thus, the current situation is detrimental to both homeoWners 
(less than optimal Water delivery) and the Water authority 
(extra Water use early and late in season). 
[0009] With regard to mandated Watering restrictions, 
some non-compliance is due to unWillingness of homeoWners 
and landscapers to obey them. HoWever, most non-compli 
ance, according to local Water authorities, is due to indiffer 
ence or ignorance of the mandated Watering days, despite 
local Water authorities’ best efforts to publiciZe them, or is due 
to confusion over When and Where they apply. For example, 
different sections of a local Water authority’s jurisdiction may 
be assigned a Watering group, such as “A” or “B.” HomeoWn 
ers in “A” may be assigned the alloWed Watering days Mon 
day, Wednesday and Friday. HomeoWners in “B” may be 
assigned the alloWed Watering days Tuesday, Thursday and 
Saturday. Thus, a homeoWner must knoW Whether he is in 
assigned Watering group “A” or “B,” and must additionally 
knoW the alloWed Watering days for that Watering groupiall 
of Which changes four times per year. As simple as this may 
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seem, it is apparently too much for a substantial percentage of 
homeowners and, to the extent homeowners rely on them, 
landscapers. 
[0010] Industry has responded to the foregoing problems 
by creating what are known as “smart controllers.” Following 
are examples of different approaches taken by smart control 
ler developers. 
[0011] One approach has been to make irrigation more 
scienti?c by bene?ting from academic research on evapo 
transpiration. US. Pat. No. 5,208,855 issued to Marian dis 
closes a smart controller out?tted with a receiver to pick up 
evapotranspiration data broadcast by weather stations and 
agricultural extensions. Such broadcasts consist of daily 
information for various localities about environmental factors 
such as temperature, humidity and wind. These data have 
been processed to determine their effect on evapotranspira 
tion and, thus, water need for a reference crop, generally turf 
(determining what is known as reference evapotranspiration 
or “ETo”). Upon setting up the Marian smart controller, the 
user inputs locality and information about the type of plants 
he is irrigating, so that the smart controller may automatically 
pick up the broadcast ETo information corresponding to the 
user’s locality, and calculate the water need of the user’s plant 
matter as a percentage of ETo (based upon crop coe?icients, 
which are published analyses of the evapotranspiration water 
needs of plant types as a percentage of the evapotranspiration 
water needs of the reference crop). Unfortunately, Marian’s 
smart controller has numerous drawbacks for the average 
homeowner: (1) its emphasis on crop coef?cients is suited to 
agriculture, not average homeowners, (2) the need for a 
receiver and relatively complicated data entry screen contrib 
ute to cost and complexity, and (3) the need for the home 
owner to reset his irrigation controller seasonally is not 
removed. In the case of agriculture, these drawbacks are less 
important, because farmers are willing to, and do devote great 
attention to irrigation systems. Average homeowners do not, 
and a disruption to irrigation, for example, could subsist for 
days before a homeowner even noticed it. Additionally, Mari 
an’s smart controller does not facilitate the water authority’s 
goal of increased compliance with mandatory watering 
restrictions. 

[0012] US. Pat. No. 6,453,216 issued to McCabe et al. and 
US. Pat. No. 6,892,113 issued to Addink et al. disclose 
devices using historical evapotranspiration data as the means 
to determine a watering budget (McCabe et al.) or as part of 
the means to do so (Addink et al.). For example, historical 
evapotranspiration data may consist of an average of the 
evapotranspiration data for the same date over a multiyear 
period, e.g., December 1, for a speci?c location, e.g., Ama 
rillo, Tex., for the three years 2000, 2001 and 2002. The 
advantage of using historical evapotranspiration data is that 
they free the user from needing to obtain current data, for 
example, by broadcast transmission, and entering current 
data into the smart controller. Instead, the historical data can 
be preloaded into the smart controller, enabling the smart 
controller to deliver water in accordance with the average 
historical evapotranspiration for that date and location. US. 
Pat. No. 6,314,340 issued to Mecham et al. discloses a device 
that measures high and low temperatures for the day, and then 
uses a speci?c formula, namely, the Hargreaves formula, to 
determine an appropriate watering budget. However, none of 
these patents address the problems of lack of compliance with 
mandated watering restrictions or with the troublesome 
requirement for the homeowner to reset the irrigation sched 
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ule of his irrigation controller each season to meet seasonal 
watering needs and/or seasonal mandated watering restric 
tions. 

[0013] Another approach has been to create smart control 
lers capable of tracking one or more of the environmental 
factors affecting evapotranspiration rate, and increasing or 
decreasing water output in accordance with them. For 
example, US. Pat. No. 4,684,920 issued to Reiter and US. 
Pat. No. 4,922,433 issued to Mark focus on soil moisture. 
Using sensors placed in the ground throughout the area to be 
irrigated, these smart controllers bene?t from real-time soil 
moisture readings in order to provide the right amount of 
irrigation. However, while these devices may be suitable for 
agricultural or commercial use (e.g., golf courses and shop 
ping centers), they are not suitable for average homeowners, 
because the deployment and maintenance of soil sensors 
require too much effort and expense relative to homeowners’ 
modest landscaping needs. 
[0014] US. Pat. No. 6,892,114 issuedto Addink et al., and 
US. Pat. No. 7,165,730 issued to Clark disclose smart con 
trollers capable of measuring one or more environmental 
factors for the purpose of modifying the irrigation schedule of 
a conventional controller. However, both devices disclose 
suboptimal design, since they are not in series between an 
existing controller and the irrigation valves, but communicate 
only with the existing controller to modify an irrigation cycle, 
as discussed in greater detail below. US. Pat. No. 7,266,428 
issued to Alexanian focuses solely on temperature as the 
predominant environmental factor affecting evaporation rate, 
and uses a non-standard evapotranspiration formula based 
solely on temperature to create water budgets. 

[0015] US. Pat. No. 5,839,660 issued to Morgenstern et al. 
focuses primarily on precipitation and wind, disclosing a 
smart controller that measures these environmental factors 
and cuts off irrigation if either one exceeds a set value. 

[0016] However, the smart controllers using environmental 
factors presented in these patents do not increase compliance 
with mandated watering restrictions nor decrease the work for 
the homeowner in resetting the irrigation controller at least 
seasonally. 
[0017] Yet another approach has been to provide smart 
controllers giving users greater control over their irrigation 
systems. For example, US. Pat. No. 7,010,396 issued to Ware 
et al. covers an irrigation controller with an embedded Web 
server enabling the user to interact remotely and, hence, more 
frequently and conveniently with the controller. However, for 
the average homeowner, what is needed is not more involve 
ment with the irrigation controller, but greater irrigation e?i 
ciency without more involvement. 

[0018] Further, when adjusting the watering run-time dura 
tion or cutting off the irrigation, smart controllers of the prior 
art do not take into consideration the number of mandated 
no-watering days blocked out and the additional increased 
reduction in water delivery. For instance, in some regions in 
winter, there is only one allowed watering day per week, with 
six days of the seven mandated as no-watering days. If the 
irrigation is cut off on the one allowed watering day (such as 
due to an environmental factor), no irrigation will be given for 
two weeks. Similarly, as described in US. Patent Publication 
No. 2010/0030476 by WoytowitZ et al., on the one allowed 
watering day, the watering run-time duration may be reduced 
by a relatively large percentage based on environmental fac 
tors through a seasonal adjust feature based on historical 
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evapotranspiration rates, Without accounting for the addi 
tional reduction forced by the six mandated no -Watering days. 
[0019] Unfortunately, no prior art device has effectively 
solved the problem of making irrigation ef?ciency more 
affordable and less burdensome for the average homeoWner, 
While providing a simple means to implement local mandated 
Watering restrictions, and thus promote the Water-saving 
goals of the local Water authority by increasing compliance. 
Smart controllers’ complexity and expense, as Well as their 
suboptimal design and methodology, have prevented them 
from penetrating this market that is crucial not only from a 
pro?t standpoint, but from a Water and energy conservation 
standpoint. (For example, pumping Water to the Las Vegas 
Valley is the region’s single greatest use of energy.) 

SUMMARY OF THE INVENTION 

[0020] The present invention, referred to here as the FROG 
smart irrigation controller, is directed to an easy-to-use, 
labor-saving irrigation controller that controls the start time 
and run-time duration of the irrigation valves based on a 
FROG Watering schedule derived by using a FROG integra 
tion of (l) “evapotranspiration data” (including an “ETo_ 
local” factorithe value of the ETo characteristic curve for a 
particular day in the particular geographic locationibased 
on the empirically-derived evapotranspiration local charac 
teristic curve setting forth the Water need of the locally pre 
dominant variety of landscape material at different times of 
the year for the particular geographic area), (2) “regulation 
data” (including mandated Watering restrictions applicable to 
the location [such as no-Watering days, restricted-Watering 
hours, assigned Watering group] and including voluntary 
restrictions [such as an extra donated no-Watering day incen 
tiviZed by a Water bill credit]), and (3) “property-speci?c 
data” (data relating to the speci?c landscape and Watering 
system of the particular property, such as plant type, property 
speci?c plant environment [e.g., sun/ shade conditions, mulch 
type and amount, terrain, and soil type], number of valves/ 
Zones, emitter types, etc.). An example of this FROG integra 
tion is provided in the novel FROG algorithm based on total 
Water volume, presented herein. 
[0021] The FROG controller is presented herein as an add 
on controller, as a standalone controller, and as an add-on 
controller convertible to a standalone controller; it can be 
initialiZed, updated, and/or reprogrammed using one or a 
combination of ?ve presented methods of loading data into 
the controller: a preloaded mode, a learn mode (embodiment 
one, FIG. 1), a manual control input mode (embodiment tWo, 
FIG. 2) data input mode (embodiment four, FIG. 4, and 
embodiment ?ve, FIG. 13-16), and a Wireless input mode 
(embodiment ?ve, FIG. 13-16). Additionally, the third 
embodiment of FIG. 3 presents sensor inputs that can option 
ally be used in the FROG integration. 
[0022] Five exemplary embodiments that use the FROG 
integration and/or FROG algorithm of the current invention 
are presented. In the ?rst embodiment (FIG. 1), the FROG is 
a simple add-on device in series betWeen a conventional 
irrigation controller (the “existing controller”) and irrigation 
valves. It receives property-speci?c data by utiliZing the learn 
mode. As shoWn in FIG. 14, the evapotranspiration data and 
regulation data may be preloaded into the system before 
distribution of the FROG controller, or may optionally be 
input into the FROG controller by using the data storage input 
mode or Wireless input mode of the ?fth embodiment. 
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[0023] In the second embodiment (FIG. 2), the FROG is a 
comprehensive, standalone controller, alloWing manual input 
of property-speci?c data by manipulation of the physical 
controls to set the start times and run-time durations for the 
multiple Zones, as Well as operating the irrigation valves, 
negating the need for a conventional controller. The evapo 
transpiration data and regulation data may be preloaded into 
the system before distribution of the FROG controller, or may 
optionally be input into the FROG controller by using the data 
storage input mode or Wireless input mode of the ?fth 
embodiment. 

[0024] In the third embodiment (FIG. 3, FIG. 4), the FROG 
controller (either the add-on or standalone) receives sensor 
data from environmental sensors, and the Water budget algo 
rithm additionally utiliZes these sensor data. The environ 
mental sensors may be located Within (“onboard”) or near the 
FROG housing, or may be in a freestanding remote Weather 
station (as shoWn). The sensors may be directly connected or 
Wirelessly connected to the FROG. The one or more environ 
mental sensors may measure temperature, humidity, solar 
radiation, rainfall, etc. When the sensor information is pro 
vided, the FROG algorithm is modi?ed to additionally use the 
one or more received current environmental values, prefer 
ably after an environmental-factor averaging calculation is 
performed. 
[0025] In the fourth embodiment (FIG. 5 to FIG. 7), a data 
input system is provided, Which may be utiliZed With any of 
the other presented embodiments. 
[0026] The ?fth embodiment (FIG. 13 to FIG. 16) illus 
trates using an SD card as a data storage unit. The ?fth 
embodiment can optionally also be con?gured to utiliZe the 
Wireless input mode using a standard Wireless netWork to 
receive data. 

[0027] Multiple methods of initialiZing, con?guring and 
updating the FROG are presented, including a learn mode, a 
manual control mode, a data storage unit input mode, and a 
Wireless input mode. These modes can be used alone or in 
combination. In the learn mode method, the FROG automati 
cally “leams” the programmed Watering schedule (“initial 
Watering schedule”) including the start times (“initial start 
times”) and run-time durations (“initial run-time durations”) 
of the existing controller in a “leam mode.” In the manual 
control mode the homeoWner can use physical buttons and 
dials to input data. (The term “homeowner” or FROG con 
troller “user” can refer to the oWner or renter of the home, the 
landscaper, the irrigation installer, a business oWner, or other 
person authorized to install, update or re-program the FROG 
controller.) In the data storage unit input method and Wireless 
input method, data can be input through use of a data storage 
unit inserted into the FROG controller or Wirelessly, either by 
the Water authority or by the user after accessing a Website 
server and using a customiZation WiZard to input property 
speci?c data. The user de?nes and characterizes the plant 
information (type, environment, terrain, amount of sun, etc.) 
along With the irrigation system information (number of 
valves, types of emitters, etc.). The FROG Water budget algo 
rithm creates the Water budget and schedule customiZed to 
meet the user’s landscaping needs. This customiZed Water 
budget and schedule is transferred to the FROG controller by 
use of a physical data storage unit or a Wireless transmission; 
this may be either to initialiZe or to update the FROG con 
troller. After initialiZing, the FROG takes over the scheduling 
of irrigation and operation of the irrigation valves, imple 
menting the FROG Watering schedule. The FROG controller 
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then controls the valves of the irrigation system to implement 
the FROG customized Water budget. 
[0028] In another aspect, the FROG smart controller is also 
designed With a user-donated (and preferably user-selectable) 
“?oat” day, Which is a “voluntary no-Watering day.” In 
exchange for a credit applied to the homeoWner’s Water bill, 
the homeoWner may designate one additional day as a volun 
tary no -Watering day. Thus the Water saving goals of the Water 
authority are furthered. 

[0029] An object of the present invention is to provide a 
FROG smart controller that implements mandatory Watering 
restrictions, thus insuring compliance and saving Water. 
[0030] A further object of the present invention is to pro 
vide a FROG smart controller that is easy to operate and 
convenient for the user. 

[0031] An additional object of the present invention is to 
provide a FROG smart controller that provides incremental 
adjustments of the Water budget, as opposed to merely sea 
sonal adjustments. 
[0032] Another object of the present invention is to provide 
a FROG smart controller that delivers a customiZed Water 
budget (the appropriate amount of Water to meet the need of 
the landscape plants at different times of the year for the 
particular property or location, While taking into consider 
ation local Water authority regulations). 
[0033] These and other objects, features, and advantages of 
the present invention Will become more readily apparent from 
the attached draWings and from the detailed description of the 
preferred embodiments, Which folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The preferred embodiments of the invention Will 
hereinafter be described in conjunction With the appended 
draWings, provided to illustrate and not to limit the invention, 
Where like designations denote like elements, and in Which: 
[0035] FIG. 1A depicts a front vieW of the FROG add-on 
controller of the ?rst embodiment of the present invention 
having a graphic display and being connected to an existing 
conventional irrigation controller; 
[0036] FIG. 1B depicts a front vieW of the FROG add-on 
controller of the ?rst embodiment of the present invention 
having a simpli?ed user-interface Without a graphic display 
screen and being connected to an existing conventional irri 
gation controller; 
[0037] FIG. 2 depicts a front vieW of the FROG standalone 
controller With manual controls of the second embodiment of 
the present invention; 
[0038] FIG. 3 depicts a front vieW of a sensor module 
attached to the FROG add-on controller of the third embodi 
ment of the present invention, Wherein the FROG add-on 
controller is in communication With a Weather station housing 
one or more environmental sensors and is connected to an 

existing conventional irrigation controller; 
[0039] FIG. 4 depicts a front vieW of a FROG standalone 
controller of the fourth embodiment of the present invention, 
Wherein the FROG comprehensive controller is in communi 
cation With one or more environmental sensors; 

[0040] FIG. 5A depicts a side vieW of the FROG controller 
of the fourth embodiment of the present invention con?gured 
With the data input system embodied as a reader slot and 
optical reader; 
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[0041] FIG. 5B depicts a top vieW of the FROG controller 
of the fourth embodiment of the present invention con?gured 
With a data input system embodied as a reader slot and optical 
reader; 
[0042] FIG. 5C depicts a front vieW of an insertable sheet 
imprinted With a QR Code®-type optical code (such as could 
be printed on a customer’s bill) for inserting into the reader 
slot of the data input system; 
[0043] FIG. 5C depicts a detail of the circle of FIG. 5C 
shoWing the QR Code®-type optical code readable by the 
optical reader; 
[0044] FIG. 6A depicts a side vieW of the FROG controller 
of the fourth embodiment of the present invention con?gured 
With the data input system embodied as a slide slot and a 
magnetic strip reader; 
[0045] FIG. 6B depicts a top vieW of the FROG controller 
of the fourth embodiment of the present invention con?gured 
With a data input system embodied as a slide slot and a 
magnetic strip reader; 
[0046] FIG. 6C depicts a front vieW of a card carrying a 
data-impregnated magnetic strip con?gured to slide through 
the slide slot to alloW reading by the magnetic strip reader; 
[0047] FIG. 7A depicts a side vieW of the FROG controller 
of the fourth embodiment of the present invention con?gured 
With a data input system including a controller electronic 
connection for receiving a data storage unit; 
[0048] FIG. 7B depicts a top vieW of the FROG controller 
of the fourth embodiment of the present invention con?gured 
With the data input system including a data storage unit 
receiving controller electronic connection; 
[0049] FIG. 7C depicts a front vieW of a data storage unit, 
such as a USB ?ash drive or the like, con?gured With a 
complementary electronic connection; 
[0050] FIG. 8 depicts a schematic of the add-on FROG 
smart controller of the ?rst embodiment. The installed exist 
ing controller 20 is Wired Zone-by-Zone through bridge cable 
12 to the main control unit of the FROG controller 10; 
[0051] FIG. 9 depicts a schematic of the remote Weather 
station 40 of the third embodiment; 
[0052] FIG. 10 depicts the reference evapotranspiration 
curve (from Which ETo_local for each time point is derived) 
of the type used by the FROG smart controller to determine 
the correct Watering needs of landscape material in a given 
geographic location, such as the Las Vegas Valley, for a given 
time of year; 
[0053] FIG. 11 depicts a schematic of the variables of an 
exemplary FROG algorithm of the FROG integration; 
[0054] FIG. 12 depicts a ?owchart of the learning mode 
method; 
[0055] FIG. 13 depicts a perspective vieW of the FROG 
controller of the ?fth embodiment of the present invention 
Wherein the data input system comprises an SD card receiving 
slot. 

[0056] FIG. 14 depicts methods of inputting data for the 
add-on, the convertible, and the standalone FROG controller. 
The data that can be input includes: property-speci?c data, 
evapotranspiration data, regulation data (voluntary and Water 
authority restrictions), and the customiZed Water budget/ 
schedule 105 for the homeoWner’s landscape. 
[0057] FIG. 15 depicts an online con?guration and cus 
tomiZation WiZard provided to alloW the homeoWner to input 
property-speci?c data enabling the FROG integration and/or 
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algorithm to create a customized Water budget/ schedule 105 
for the homeoWner’s landscape While implementing regula 
tion data. 

[0058] FIG. 16 depicts an exemplary mesh network usable 
in the Wireless input mode of the preferred ?fth embodiment 
of the present invention. 

[0059] Like reference numerals refer to like parts through 
out the several vieWs of the drawings. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0060] ShoWn throughout the ?gures, the present invention 
is directed toWard a FROG smart controller 10 that improves 
the ef?ciency of irrigation scheduling and saves Water 
through use of a FROG integration of evapotranspiration data 
and regulation data applied to property-speci?c data. Conse 
quently, the FROG controller 10 provides advantages for both 
the homeoWner (convenience, labor reduction, improved 
Water delivery correlated to day of year) and the local Water 
authority (obligatory compliance With mandated Watering 
restrictions). An important strategy in reaching the Water 
saving goals of the local Water authority is met through the 
hard-to-achieve increased compliance resulting from use of 
the FROG irrigation control system. 
[0061] As opposed to the conventional automatic control 
lers for in- ground irrigation systems that the homeoWner must 
reset four times a year to meet the seasonal Watering need 
changes and the seasonal changes in local Water authority 
mandated Watering restrictions, the homeoWner initially sets 
the FROG controller 10 and then forgets it, With no further 
effort required (except the suggested periodic replacement of 
the back-up battery 33, FIG. 8). 
[0062] Additionally, as opposed to conventional controllers 
that generally Water for an entire season based on a single 
setting, the “FROG algorithm” (the mathematical application 
of the FROG integration) provides an incremental adjustment 
based on the actual day of the year or on a feW days surround 
ing the Watering day by using the ETo_local characteristic 
curve for the location. A conventional controller set in April 
for an April to June season Will deliver more Water than is 
needed in April and/ or less Water than is needed in June. The 
FROG controller 10, once initially set (or reset) With the 
customiZed Water budget/ schedule 105 (FIG. 15) determined 
by the FROG algorithm, Will deliver Water corresponding to 
the local Watering needs incrementally adjusted in correlation 
With the Watering day. 
[0063] Also, in contrast to conventional controllers, con 
sideration is given to the number of mandated and optionally 
voluntary no-Watering days by the FROG algorithm, so the 
plants receive adequate Water even When the number of 
alloWed Watering days is greatly reduced. The novel FROG 
algorithm additionally incorporates a compensation coef? 
cient S and a Watering depth factor W to further re?ne the total 
volume of Water delivered. (The Water volume is not a How 
meter-measured volume, but is a quantity related to the How 
rate, run-time duration, number of start times, number of days 
Watered.) 
[0064] The FROG integration may be advantageously used 
With a number of types and con?gurations of irrigation con 
trol systems. Five exemplary embodiments (With additional 
aspects and variations) utiliZing the FROG integration are 
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demonstrated to illustrate the general usability of the FROG 
integration and algorithm With these and other con?gurations. 

Embodiments OvervieW 

[0065] The ?rst embodiment of FIG. 1A, FIG. 1B presents 
the FROG controller as an add-on controller for connection to 
an existing conventional irrigation controller 20. FIG. 1 
includes a graphic display, While an economical, simpli?ed 
user interface Without a graphic display is presented in FIG. 
1B. Learn mode FIG. 12, 14 methods are presented, alloWing 
the add-on FROG controller 10 to learn the start times and 
run-time durations for the various Zones of the existing con 
troller 20. 
[0066] The second embodiment of FIG. 2 presents the 
FROG as a comprehensive standalone controller applying the 
FROG integration and/or FROG algorithm to the Watering 
schedule as in the ?rst embodiment, but additionally con?g 
ured to alloW a user to manually input the necessary portion of 
the property-speci?c data (such as program start times, Water 
ing days, and run-time durations for the various Zones), 
thereby removing the need for the conventional controller 20. 
[0067] The third embodiment ofFIG. 3, FIG. 4, and FIG. 9 
presents either the add-on or the standalone FROG controller 
in communication With one or more environmental sensors 

41, 42. 
[0068] The fourth embodiment (FIG. 5A, FIG. 5B, FIG. 
5C, FIG. 5D, FIG. 6A, FIG. 6B, FIG. 6C, FIG. 7A, FIG. 7B, 
and FIG. 7C) presents an optional data input system 70 foruse 
With either the add-on or standalone FROG controller; varia 
tions of the data input system are also presented. 
[0069] The ?fth preferred embodiment (FIG. 13, FIG. 14, 
FIG. 15, FIG. 16) presents both the data storage unit input 
method (With the data input system using an SD card for 
input) and the Wireless input method (utilizing a standard 
Wireless netWork transmission system). The data storage unit 
input method and the Wireless input mode may each be used 
alone or in combination. 
[0070] The FROG irrigation controller 10 is targeted 
toWard only a feW geographical locations at a time, and, 
preferably, just one, such as the Las Vegas Valley. It may be 
programmed for only the one designated geographic location 
in Which it Will be used, With only the ETo_local and man 
dated Watering restrictions (such as no-Watering days and/or 
no-Watering hours of the day and/or the Watering days corre 
sponding to each assigned Watering group and the like) of that 
designated geographic location loaded. (The term “loaded” 
refers to storing data, such as regulation data, evapotranspi 
ration data, property-speci?c data, and/or a customiZed Water 
budget/ schedule 105 (FIG. 15) on a storage medium 26 of the 
FROG irrigation controller 10, such as by the manufacturer, 
distributor or intermediary before installation, or When the 
installer or homeoWner uses the data input system 70, or When 
the Wireless system 150, FIG. 14, provides the data to be 
stored.) If only loaded With one designated geographic loca 
tion, the designated geographic location is not selectable by 
the user and complexity is reduced. Optionally, it may be 
loaded With the ETo_local and mandated Watering restric 
tions of multiple geographic locations, With the geographic 
location to be designated by the installer or user (such as by 
the use of the basic, manual control devices or data input 
system 70). 

First Embodiment 

Add-On Controller 

[0071] Referring noW to the ?rst embodiment of FIG. 1, an 
add-on FROG controller 10 is designed to Work With an 
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installed existing controller 20 that has been user-pro 
grammed to take into account the appropriate Watering needs 
of the plant types predominating in each individual irrigation 
Zone of the user’s landscape. For example, a Zone comprising 
predominately turf may deploy sprayers scheduled to run on 
several days at several times per day for relatively long run 
time durations; a Zone comprising predominately trees and 
shrubs may deploy bubblers and drip emitters scheduled to 
run on feWer days at feWer times per day for relatively short 
run-time durations. Further, Zones that are relatively shaded 
may be scheduled for start times and run-time durations 
re?ecting a different and loWer Watering need due to the 
shaded conditions. 
[0072] The add-on FROG controller 10 is in communica 
tion With existing irrigation controller 20, connected to the 
existing controller 20 by bridge cable 12. The add-on FROG 
controller 10 can use the learn mode to receive the property 
speci?c data, as described in FIG. 12. When using the learn 
mode to input the property-speci?c data, the existing control 
ler 20 may optimally be programmed to provide the full 
amount of Water needed for each Zone under the hottest and 
driest anticipated conditions of the year. This is because, in 
this embodiment, the FROG Will cut back Water output as 
determined by the FROG integration and/ or FROG algorithm 
based on ETo_local and Watering restrictions, but does not 
boost Water output beyond What has been programmed into 
the existing controller 20. 

Add-On Frog Controller Components And Wiring 

[0073] As shoWn in FIG. 8, the “main control unit” 24 of the 
add-on FROG controller 10 is enclosed in housing 48 and is 
Wired to the existing controller 20, With the FROG controller 
10 preferably in physical proximity to the existing controller 
20 to minimiZe the amount of bridge cable 12 required. Hous 
ing 48 may be designed for indoor use or may comprise an 
all-Weather enclosure to enable close physical proximity to 
the existing controller 20, even if the existing controller 20 is 
in an exterior location. 
[0074] The main control unit 24 comprises several groups 
of features, including: (1) an existing-controller input system 
con?gured to alloW main control unit 24 to communicate With 
the existing controller, such as an input terminal strip 13, 
connecting to the AC/ DC opto-coupler input sensing circuits 
14, connecting in turn to a microcontroller 22; (2) at least one 
non-volatile memory, storage medium 26, such as EEPROM 
(Electronically Erasable Programmable Read-Only 
Memory), and real-time clock 25; (3) microcontroller 22 and 
associated circuitry; and (4) a microcontroller Water-valve 
regulation system con?gured to alloW the microcontroller to 
control the Water control valves 30, such as by connecting the 
microcontroller outputs to a Zone relay bank 27, connecting to 
the output terminal strip 28, Which is in turn Wired to existing 
Zone cable 29 regulating Water control valves 30. 
[0075] Before undertaking to Wire the main control unit 24 
of the add-on FROG controller 10 to the existing controller 
20, the user preferably marks or makes note of the existing 
controller’s Zone cable 29 Wiring scheme, e.g., red Wire con 
nects Zone 2; black Wire connects Common (C); etc. The 
cable is then removed. The bridge cable 12 of the main control 
unit 24 is then connected to the existing controller 20, as 
annotated, Which is to say that Zone 1 of the main control unit 
is connected to Zone 1 of the existing controller 20; the 
Common of the main control unit is connected to the Com 
mon of the existing controller 20; etc. To the extent the main 
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control unit 24 has more available Zone Wires than the existing 
controller 20 has active Zones, such extra Zone Wires are 
ignored and may be terminated. 

[0076] Next, the main control unit 24 is connected to the 
irrigation valves 30 by reconnecting the existing Zone cable 
29 to the main control unit Zone output terminals 28, taking 
care to correlate the Zone and Common designations marked 
or noted during the removal process as explained above. 

[0077] In an aspect, the main control unit 24 has its oWn 
poWer supply 11 (FIG. 1, FIG. 8, Which may include a plug-in 
transformer), and is separately plugged into an electrical out 
let. By not draWing poWer from the existing controller 20 as 
provided in prior art devices, the FROG controller 10 does not 
risk causing the existing controller 20 to exceed its poWer 
supply poWer rating. Optionally, though, in some con?gura 
tions, the FROG controller 10 may draW poWer from an 
existing controller 20. 
[0078] The FROG controller’s processing poWer may be 
supplied by a conventional microcontroller or microproces 
sor (the “microcontroller”) 22 (such as a RISC-based micro 
controller based on the Harvard architecture or other micro 
controller means currently available or as may be developed 
in the future) in conjunction With a real-time clock (the 
“RTC”) 25 and at least one non-volatile memory, storage 
medium 26, for storing static data (such as EEPROM, RAM, 
or other memory storage means currently available or as may 

be developed in the future). The microcontroller 22 may be 
preprogrammed With a supervisory program that manages all 
components, circuits, program logic, inputs, outputs, and 
control (the “microcontroller program”), but at least the 
microcontroller 22 is preprogrammed With a kernel program 
to provide minimal functionality su?icient to receive the full 
“microcontroller program.” The microcontroller program is 
responsible for monitoring, managing and controlling the 
overall operation of the FROG. 

[0079] The main control unit 24 may be out?tted With one 
or more manual control devices 15, 16, 17, 18, 19, 31, 32 
(such as a rotary sWitch, push button, or digital control), 
Which may be indicated by an indicator device 65 (such as an 
LED, or other means, audible and/ or visual). A manual con 
trol device 15, 16, 17, 18, 19,31, 32 can be used to input data 
or initiate events, digitally or mechanically. One or more of 
the manual control devices can be used to input data or to 
make selections and interface With the graphic display screen 
60. For example, in response to displayed outputs on the 
display screen 60, the user can input the applicable Watering 
group 31 (FIG. 8) as assigned by the local Water authority, to 
adjust the ?oat day 32, to initiate learn mode 17, to initiate run 
mode 16, or to override 18 the FROG controller. Once the 
input is received, it may be stored in the storage medium 26. 
[0080] In one aspect, illustrated in FIG. 1B, a simple FROG 
controller Without a graphic display is presented. Four 
manual control devices are illustrated, a learn mode input 17, 
a run mode input 16, a mandated Watering group (as assigned 
by the local Water authority) designation input 31, and a ?oat 
day input 32. 
[0081] In another aspect, illustrated in FIG. 1A, the FROG 
controller 10 is con?gured With a graphic display 60 vieWable 
to the user and operable to display useful information, such as 
displaying requests for speci?c user input, values input by the 
user, and error messages. Optionally, the graphic display 
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screen 60 may be a touch screen allowing direct manual 
control through touching the screen to make presented selec 
tions. 

Add-On Frog ControlleriLearn Mode 

[0082] As shoWn in the ?owchart of FIG. 12, to continue 
setup of the add-on FROG controller after connection of the 
Wiring, the user activates 81 the device to “learn mode.” This 
may be accomplished by engaging “leam mode” input 17 
(FIG. 1, FIG. 8). Once learn mode is initiated, the microcon 
troller program retrieves 82 the current date and time from the 
RTC 25. The microcontroller program then surveys 83 the 
number of Zones Wired to the existing controller 20 by sensing 
the presence of polariZed voltage levels via the AC/DC opto 
couplers input sensing circuits 14 (FIG. 8). Using this infor 
mation, the microcontroller program dimensions 84 the 
Watering table array. Once completed, the microcontroller 
program polls 85 for Zone activity equating to start times and 
run-time durations. It accomplishes this, for example, by 
using an AC/DC opto-coupler input sensing circuit 14 to 
sense Zone activity through DC voltage level transitions and/ 
or alternating voltage level transitions at a standard fre 
quency, such as 50 HZ, 60 HZ, 120 HZ, etc. In this ?rst learn 
mode method, the learn mode extends over a default period of 
tWo Weeks. Those skilled in the art Will knoW that other 
default periods may be used, hoWever, tWo Weeks corre 
sponds to the most typical default period in that homeoWners 
using “skip-day” programs run through their entire irrigation 
cycle over a tWo-Week period. The data collected in learn 
mode may be stored 86 in storage medium 26. 
[0083] Depending upon the pre-determined default period, 
the RTC 25 may generate an interrupt to terminate 87 the 
learn mode that is passed to the microcontroller 22, Which is 
interpreted by the microcontroller program as a termination 
of learn mode. Alternatively, the microcontroller program 
may store the ending date and time as an ending sentinel for 
a matched value-type termination routine. At this time, the 
microcontroller program preferably generates 88 a visual or 
audible indication, such as a ?ashing LED 66 (FIG. 8), that 
learn mode is complete. Reacting to this, the user may activate 
89 run mode, such as by pressing a run mode input button 16, 
or the microcontroller program may be programmed to auto 
matically initiate 90 run mode 80, Which effectively transfers 
Watering schedule control to the FROG controller. 
[0084] Another aspect of the invention, in Which the learn 
mode may be a four-Week process, is presented to accommo 
date the installation of the FROG controller 10 at times of the 
year other than during the summer (since in summer the 
maximum Water volume is already appropriate). For 
example, if the FROG controller 10 is to be installed in 
mid-Winter When the Water requirement for the landscape is 
minimal, a great deal of Water is Wasted if the summer maxi 
mum schedule is applied daily for tWo Weeks in order to alloW 
the FROG controller 10 to learn the summer maximum sched 
ule. 
[0085] During the ?rst tWo Weeks of the four-Week learn 
mode, the existing controller 20 is not adjusted to the summer 
maximum Watering schedule, but continues on its existing, 
preset schedule. The FROG controller 10, in a leaming-over 
ride mode, learns this “starting-point existing schedule” dur 
ing the course of the ?rst tWo Weeks, but does not control the 
Water control valves. At the end of the ?rst tWo Weeks, the 
existing controller 20 needs to be reset by the user to the 
summer maximum Water start times and run-time durations 
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for all of the Zones. Therefore, at the end of the ?rst tWo 
Weeks, an audio or visual reminder may be produced by the 
FROG controller 10, or in addition or instead, an outside 
reminder input (such as a reminder letter, email, text or phone 
call from the Water authority) may remind the homeoWner of 
the need to reset the existing controller 20 to the summer 
maximum Watering schedule. 
[0086] Though the FROG controller 10 learns the start 
times of the summer maximum Watering schedule and may be 
programmed to duplicate them, optionally the FROG control 
ler 10 may be programmed to automatically shift the start 
times toWard the middle of the day during colder months. 
Generally the summer Watering hours may be restricted by 
the Water authority to the morning hours, such as before 10 
a.m., to minimiZe evaporation. Start times forced into the 
early morning may not be optimum for colder months. The 
FROG controller 10 can be preloaded (Block 7, FIG. 14) With 
any mandated no-Watering hours, as Well as mandated no 
Watering days. Optionally, the mandated regulations can be 
input into the FROG controller via the data input system 70 
[Block 8, FIG. 14] or Wireless system [Block 9, FIG. 14]. The 
FROG algorithm can give consideration to the mandated 
no-Watering hours and to the climate of the local geographic 
area and adjust the start times, as needed. 

[0087] In the second tWo-Week period of the four-Week 
learn mode, the FROG controller 10, in a learning-controlling 
mode, enforces the starting-point existing schedule by con 
trolling the Water control valves 30, as learned during the ?rst 
tWo-Week period. Additionally, over the second tWo Week 
period the FROG controller 10 learns the neWly set summer 
maximum Watering schedule and stores this summer maxi 
mum Watering schedule in storage medium 26. The landscape 
receives the same amount of Water in the second tWo-Week 
period (as controlled by the FROG controller 10) as it 
received during the ?rst tWo -Week period. In this Way, Without 
overWatering by using the summer maximum Watering 
schedule during the fall, spring or Winter, the FROG control 
ler 10 can learn and store the summer maximum Watering 
schedule for use in the FROG integration and/ or FROG algo 
rithm. At the end of the four-Week learn mode, run mode is 
activated in the FROG controller 10, as described above (ei 
ther by manual control device 16 (FIG. 12) of the user or, 
more preferably, by automatic initiation 90 by the microcon 
troller program). 
[0088] In an optional aspect, the learn mode may be imple 
mented as a leam-While-managing method. In the leam 
While-managing method the homeoWner installs the FROG 
controller 10 and immediately sets the existing controller for 
the peak summer maximum Watering schedule. The FROG 
controller 10 is set to overrule the existing controller and 
disalloW Watering for a time period of at least 24 hours (any 
portion of the ?rst day remaining plus at least one full Water 
ing day). During this overruling time period, the FROG con 
troller 10 learns at least 24 hours of the homeoWner-set peak 
summer Watering schedule. For example, if the FROG con 
troller 10 is installed on Monday, but the ?rst Watering day set 
for the summer peak schedule is Wednesday, the FROG 
Would disalloW the Watering schedule programmed for 
Wednesday While learning the single day. The FROG control 
ler 10 Will then use a temporary leam-While-managing FROG 
algorithm applying the evapotranspiration data 120 (FIG. 14) 
to only the one day of Watering data from Wednesday. On the 
next day, Thursday, it controls the Water valves to dispense 
that temporary Water budget. While implementing the tem 




















